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INTRODUCTION 
 
Maesa lanceolata is a medicinal plant, growing in the tropics of Africa and 
Asia. It produces a mixture of triterpenoid saponins, some of which have 
medicinal properties that are of commercial interest. For instance, saponins 
isolated from Maesa lanceolata exert antiviral, haemolytic and anti-
angiogenic activities [1]. 
As conventional plant growth and production is not very well controlled, in 
vitro propagation was explored as an alternative for rapid multiplication. A 
fast and reliable reproduction of the species was achieved through the devel-
opment of an axillary shoot formation [2].  
To evaluate the production of saponins in Maesa lanceolata grown under in 
vitro conditions, hairy roots were established by infecting leaf discs with 
Agrobacterium rhizogenes. In vitro culture of hairy roots is, however, labor 
intensive and expensive, and there is a risk of contamination and genetic 
changes. Because of this we are currently developing a protocol for cryopres-
ervation of root tips. Two methods, vitrification and encapsulation-
dehydration, are being tested. 
 
MATERIALS AND METHOD 
 
Plant material  
Maesa lanceolata seeds were collected in Moshi, Tanzania by Frank Mbago 
(Department of Botany, University of Dar-Es-Salaam). The seeds were rinsed 
in 70% ethanol for 30 seconds and subsequently surface sterilized with a 
70% solution of a commercial disinfection product (Haz-tabs; Guest Medical, 
Kent, UK). After washing with distilled water three times, the seeds were 
placed on MS basal medium supplemented with 0.8% agar. 
 
Hairy roots  
Maesa lanceolata hairy roots were induced using Agrobacterium rhizogenes 
(strain LBA) transformation on leaf discs. GFP was used as a visible marker 
for the screening of transgenic material. Hairy roots were placed on SH me-
dium supplemented with 0.8% agar and are subcultured every 4 weeks. 
 
Vitrification 
Root tips (2-3 mm) excised from 2-week old root cultures were precultured 
for 1 day at 25°C in the dark on SH solid medium containing 0.3 M sucrose. 
The next day samples were transferred to cryovials and incubated at 0°C in 
PVS2 solution (0.4M glycerol, 15% DMSO, 15% ethylene glycol and 0.4 M 
sucrose). Excess of PVS2 was removed prior to freezing in liquid nitrogen. 
After storage for 1 week, samples thawed rapidly in a water bath at 40°C and 
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then washed with a solution containing 1 M sucrose. Afterwards the hairy 
roots were placed on SH solid medium with 3% sucrose [3]. 
 
Encapsulation-dehydration 
Root tips (2-3 mm) excised from 2-week old root cultures were precultured 
for 1 day at 25°C in the dark on SH solid medium containing 0.3 M sucrose. 
The following day, the root tips were suspended in a 2% sodium alginate 
solution (containing 0.3 M sucrose and 0.5 M glycerol) and dropped directly 
into a 50 mM CaCl2 solution containing the same concentrations of sucrose 
and glycerol. The roots were kept in the solution for 15 min to allow for-
mation of calcium alginate beads. The beads containing 1 root tip were then 
transferred into a Petri dish and dehydrated by placing the dish in the air 
current of a laminar flow hood to reduce the bead weight. Dehydrated beads 
were placed in cryotubes and directly immersed in liquid nitrogen [4].  
 
Viability tests 
Viability of root tips was examined using a trypan blue staining. The root 
tips were submerged in a drop of trypan blue on a microscope slide with a 
coverslip. The samples were observed with a transmission light microscope.  
 
RESULTS 
 
Vitrification  
Hairy root tips (2 – 3 mm) were frozen in liquid nitrogen, following a vitrifica-
tion protocol [3]. After thawing in a 40°C water bath, the hairy roots showed 
a normal appearance in the microscope but did not show growth. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Hairy roots stained with trypan blue after treatment with PVS2 
solution. A-B: hairy roots incubated in the PVS2 solution for 10 min. The 
root tip is dead, while the rest of the root is still viable. C-D: hairy roots in-
cubated in the PVS2 solution for 20 min. The dye is able to penetrate 
through all parts of the root, so the root is completely dead. 
 
To test potential toxicity of the PVS2 (plant vitrification solution 2) treatment 
prior to freezing, the impact on growth of the hairy roots was analyzed. 50 
roots were incubated with PVS2 solution during 5, 10, 15 and 20 minutes, 
and subsequently washed, similar to the vitrification protocol performed 
before. To test viability immediately, roots were submerged in trypan blue. 
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The trypan blue test revealed that already after 5 and 10 min incubation 
with PVS2 the root tip was strongly stained, indicating loss of viability, alt-
hough the cells at the elongation zone of the root seemed unaffected. After 
15 and 20 minutes of incubation, all parts of the roots were dark blue, so we 
concluded that these roots were dead.  
Regrowth was tested by incubating roots on normal SH solid medium. The 
survival rate of roots treated with PVS2 for 5 min was 63%, while the surviv-
al rate of roots treated for 20 min was 5%. These results are in agreement 
with the conclusions drawn from the trypan blue test. 
 
In separate experiments we found that IBA had a stimulatory effect on side 
root formation of Maesa root cultures. At low concentrations of IBA, multiple 
side roots are induced (fig 2). 
 
 
 
 
 
 
 
    
 
Figure 2: Effect of low concentration of IBA on side root formation. A: medi-
um supplemented with 1 mg/l IBA, B: medium supplemented with 1.25 
mg/l IBA 
 
In an attempt to overcome lack of regrowth due to the PVS2 sensitivity of the 
Maesa root tips, IBA was added to the recovery medium. Defrosted root 
samples incubated on IBA containing medium did not produce side roots, 
indicating that the tips had lost the capacity to undergo cell division and 
growth.  
 
Encapsulation – dehydration  
An alternative method to cryopreserve hairy roots is by encapsulation in 
calcium – alginate beads. These beads can be dehydrated and then frozen. 
The advantage of this technique is that DMSO or other cytotoxic compounds 
are no longer used during the pretreatment. Control experiments prove that 
the process of encapsulating itself is not toxic, as 100% of the roots survive 
encapsulation (fig 3).  
Dehydration, on the contrary, is much more critical step. The few experi-
ments that have been done so far indicate that the dehydration time is a very 
critical point in order to obtain successful regeneration of hairy roots after 
freezing and thawing.  
 
CONCLUSION 
 
Cryopreservation of hairy root cultures is necessary to preserve the cultures 
during a long time without the risk of contamination and genetic changes. 
Protocols for cryopreservation of shoot meristems are not directly applicable 
to hairy roots and therefore some empirical testing is required to obtain a 
successful protocol. In this study we have tried two cryopreservation tech-
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niques for cryopreservation of hairy roots from Maesa lanceolata. Thus far, 
neither of these protocols were successful. 
 
PVS2 toxicity may be overcome by treatment with IBA 
The problem of PVS2 toxicity is not a new fact in cryobiology. Many re-
searchers have already reported this problem [5]. In our experiments, even 
short incubation times with PVS2 severely damage the root tip. This damage 
of the root tip is likely the reason why we did not observe growth on the re-
covery medium. The trypan blue test indicated that a short incubation with 
PVS2 did not damage the elongation zone of the root tip. Inclusion of IBA 
into the recovery medium did not rescue the root tips. However, we think it 
is worthwhile to test longer root tips with IBA.   
 
Time of dehydration is the critical point with the encapsulation – dehydra-
tion method 
Encapsulation – dehydration has several advantages over the vitrification 
method, one of these advantages is that there is no need for treatment with 
PVS2 solution [6]. Roots are encapsuled in a bead and then dehydrated. 
Control experiments indicated that encapsulating is not toxic for the roots. 
During dehydration, the encapsulated roots loose viability. Therefore, further 
experiments will be performed to determine the optimal dehydration time.  
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